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ABSTRACT
Objectives: To evaluate the frequency of post-concussion symptoms and prevalence and risk factors of
post-concussion syndrome (PCS) in the general population, investigate the association between the
Rivermead Post-Concussion Symptoms Questionnaire (RPQ) and self-perceived health, and evaluate
differences between three European countries.
Methods: A web-based survey including the RPQ and EQ-5D was conducted among representative
samples in three European countries.
Results: A total of 11,759 respondents completed the questionnaire. The most frequently reported
symptom was fatigue (49.9%). Almost half (45.1%) of the respondents were classified as having PCS
considering rating score 2 (three RPQ items with score ≥ 2) as a cut-off. Chronic health complaints were
found as a significant risk factor for PCS. All items of the RPQ were positively correlated with the EQ-5D
and the strongest positive correlation (0.633, p<0.001) was between RPQ item ‘feeling depressed or
tearful’ and EQ-5D domain ‘anxiety/depression’.
Conclusions: We found a high frequency of post-concussion-like symptoms and PCS in the general
population, indicating that these symptoms are not specific for patients with traumatic brain injury (TBI),
and PCS is not a unique syndrome after TBI. Therefore, the use of post-concussion symptoms and PCS as
outcome following mild TBI should be interpreted with caution.
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Introduction
Post-concussion symptoms following a traumatic brain injury,
and especially mild traumatic brain injury (mTBI), are very
common (1). Post-concussion symptoms can be categorized
in physical symptoms, cognitive deficits and behavioral/emo-
tional symptoms (2). In general, many patients with mTBI
make a full recovery within one year after injury (3), but when
several post-concussion symptoms persist over time, patients
are considered as having a post-concussion syndrome (PCS).
One of the most prominent diagnostic criteria of PCS is the
International Classification of Diseases (ICD-10) (4). The
Rivermead Post-Concussion Symptoms Questionnaire (RPQ)
is a frequently applied instrument to assess the existence and
severity of post-concussion symptoms (5),
Over the last decennia, the concept of PCS has been
debated in an abundance of studies. The prevalence rates
of PCS throughout the literature vary greatly (6) and depend
on the definition used (7) as well as the applied classification
method (8). Researchers and clinicians who have performed
extensive research concerning the etiology of PCS have still
not been able to successfully identify the pre- and post-
injury-related factors as well as the underlying structure of
post-concussion symptoms (9). All controversy (10) and
uncertainty leads to a growing concern whether PCS really
does exist and if post-concussion symptoms are unique for
patients with mTBI. Multiple studies have concluded that the
etiology of the post-concussion symptoms and/or syndrome
might probably not resort back to the brain damage itself
(11–13). Moreover, self-reported symptoms may be non-
specific symptoms, which are not exclusively associated
with patients with mTBI (14). Post-concussion symptoms
can be caused by various factors, and it is complex to
interpret which components may be linked specifically to
the brain injury and to which extent symptoms already
existed before the injury. Additionally, previous studies
have shown that post-concussion-like symptoms exist in
healthy populations (13,15–19) as well as in patients with
a non-head injury trauma (11,14), patients with chronic pain
(12) and personal injury claimants (20). However, all pre-
vious studies had relatively small sample sizes and samples
were not representative for general populations, since the
populations studied mainly consisted of university students
or patient groups (11–18,21). Furthermore, all studies were
only conducted in one country at a time and most research
was done in North-America (12,13,16,18–21), with excep-
tions of China (15), France (14) and Australia (11,17).
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Wang and colleagues have suggested that the differences
in frequency of post-concussion symptoms could be due to
cultural differences (15). Additionally, Zakzanis and collea-
gues (16) have shown that the influence of culture and
language should be taken into consideration in PCS
research. Consequently, prevalence rates in healthy popula-
tions may differ between countries. Apart from culture and
language, a linkage between post-concussion symptoms and
lower levels of life satisfaction (22) and lower health-related
quality of life (HRQoL) (23) have been reported.
Nonetheless, the patient populations in both these
researches consisted of patients with TBI. A strong link
between post-concussion symptoms and HRQoL may sug-
gest that PCS is debilitating. However, a weak association
could point out that PCS consists of common symptoms
that everyone experiences at some time which do not expli-
citly have a major effect on HRQoL. Whether this linkage
also exists in healthy populations remains to be
investigated.
The aims of this paper were to (a) evaluate the frequency of
post-concussion symptoms and prevalence of PCS in general
healthy populations, (b) assess the risk factors for PCS, (c)
compare the RPQ with general HRQoL (EQ-5D), and (d)
inspect the differences between three European countries.
Methods
Participants
A web-based survey was conducted among a representative
sample in three European countries, namely the United
Kingdom (UK), the Netherlands and Italy. The respondents
were recruited by Survey Sampling International (SSI),
a market research agency, who distributed and launched the
questionnaires. Existing large internet panels were used and
these samples were designed to be representative of the popu-
lation aged 18 to 70 in the selected countries with regard to
age, gender and education. Data were obtained between
June 29th and July 31st 2017. A total of 11,759 respondents
filled out the questionnaire, which was comprised of 4,646
respondents in UK, 3,564 respondents in the Netherlands and
3,549 respondents in Italy.
Patient consents
All participants, as members of a web-based panel, had
already provided informed consent to participate in online
surveys. Informed consent for the present survey was
obtained from all those agreeing to complete the survey.
Participants were informed on the welcome page that the
survey aimed to better understand the consequences of
traumatic brain injury, that it would take approximately
20 min to complete, and that all responses were confiden-
tial and anonymous. Consent was obtained when respon-
dents clicking the ‘Go to Survey’ button from this page.
This study was part of the CENTER-TBI study (EC grant
602150) and ethical approval was obtained from the Leids
Universitair Centrum – Commissie Medische Ethiek
(approval P14.222/NV/nv).
Measures
Prevalence and severity of post-concussion symptoms were
evaluated by the use of the RPQ. A total of 16 different post-
concussion symptoms are described in the RPQ, which
include headaches, dizziness, nausea/vomiting, noise sensitiv-
ity, sleep disturbance, fatigue, being irritable, feeling depressed
or tearful, feeling frustrated or impatient, forgetfulness, poor
concentration, taking longer to think, blurred vision, light
sensitivity, double vision and restlessness. During the ques-
tionnaire respondents were asked to assess the severity of the
symptoms over the last 24 h on a 5-point Likert scale: 0 (not
experienced at all), 1 (no more of a problem), 2 (a mild
problem), 3 (a moderate problem) and 4 (a severe problem)
(5). The RPQ total score is the sum of all 16 items excluding
ratings of 1 (5). During this study, the criteria described in the
ICD-10 are mapped onto the RPQ scale and respondents were
classified as having PCS when they reported at least three out
of the following symptoms: headaches, dizziness, fatigue, irrit-
ability, impaired memory, impaired concentration, and
insomnia (4). There is not a set standard available in the
literature for which severity rating to uses as a cut-off,
which resulted in two possible cut-offs; mild or higher (≥
rating score 2) and moderate or higher (≥ rating score 3)
(Table 1) (8). In this study, we looked at both cut-offs
separately.
HRQoL was measured by the EQ-5D. The EQ-5D constitu-
tes of two parts: the EQ-5D descriptive system and the EQ
visual analog scale (EQ VAS). The EQ-5D descriptive system
encompasses five dimensions (mobility, self-care, usual activ-
ities, pain/discomfort, and anxiety/depression). The EQ-5D-5L
was introduced in 2009 and gives respondents the opportunity
to score the dimensions on five levels (no problems, slight
problems, moderate problems, severe problems and extreme
problems). The EQ-VAS consists of a vertical VAS rating scale,
where 0 is labeled as “The worst health you can imagine” and
100 as “The best health you can imagine” and documents the
respondent’s self-rated health. The EQ-5D utility scores, which
are on a scale from 0 (dead) to 1 (full health), for each country
were calculated by the use of the Dutch value set (24).
Risk factors
Age, gender, education level, work status, income level, the
experience of serious illness in respondents themselves; or
their immediate family, whether respondents cared for others,
and the experience of chronic health complaints were consid-
ered risk factors. This selection was based on the available
data in our dataset and by looking at risk factors in previous
literature (25–27). The categorizations for the risk factors can
be found in Appendix B.
Statistical analysis
Descriptive analyses were performed for demographic data
(age, gender, education, work status, annual household
income, the experience of serious illness in yourself, immedi-
ate family and caring for others, and chronic health com-
plaints). The frequency of post-concussion-like symptoms
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was assessed by computing the percentages for respondents,
and the prevalence of PCS was calculated by identifying the
percentage of respondents that complied with our
classifications.
Differences in mean EQ-5D utility and EQ-5D VAS scores
per country were assessed by the use of the KruskalWallis H test,
followed by post-hoc analyses where the significance values were
adjusted by the Bonferroni correction for multiple tests.
Statistical significance was determined by a p-value of p<0.05.
By the use of Mann Whitney U tests, we inspected the
difference for respondents with and without PCS in mean EQ-
5D utility and mean EQ-5D VAS. To evaluate the correlation
between the various EQ-5D dimensions and EQ-5D total
score and the RPQ items, which were not normally distribu-
ted, the Spearman’s correlation coefficients were adminis-
tered. Strong, moderate and weak correlations were
differentiated between by Cohen’s Set Correlation and
Contingency Tables: a coefficient above 0.5 the correlation
was considered strong, a coefficient between 0.3 and 0.5
moderate, and when the coefficient was below 0.3 it was
considered as weak (28).
The survey was translated from English into Dutch and
Italian using translation software and subsequently translated
back into English. Bilingual native speakers verified the trans-
lations independently.
All analyses were done for the complete database and per
country. SPSS version 24 for Windows (IBM SPSS Statistics,
SPSS Inc, Chicago, IL) was used to perform all statistical analyses.
Data availability
The data that support the findings of this study are available
from the corresponding author, [DV], upon reasonable
request. Anonymized data will be shared.
Results
Study population
In total 11,759 respondents were included in this study. The
characteristics of our study sample are shown in Table 1. The
median age of the respondents was 44 years (interquartile
range (IQR); 32–57 years) and women and men were evenly
represented. The educational level of the respondents can be
divided up in 28.3% (low), 47.2% (middle) and 25.3% (high).
Approximately 50% was employed and just over a half
(52.2%) had experienced serious illness in their immediate
family. One in two (50.9%) respondents has reported to
have one or more chronic health complaints.
Frequency of post-concussion-like symptoms and
prevalence of PCS
The most frequently reported symptom was fatigue (49.9%)
followed by sleep disturbance (42.4%) (Figure 1). The least
reported symptom was double vision (10.7%). The patterns
for the reported post-concussion symptoms in the individual
countries were quite similar. Fatigue was also the most
Table 1. Characteristics of the study population.
All respondents UK The Netherlands Italy
(N = 11759) (N = 4646) (N = 3564) (N = 3549)
N (%) N (%) N (%) N (%)
Age1 (years) 44 [32–57] 44 [31–57] 45 [32–57] 45 [33–57]
Gender (male) 5840 (49.7%) 2288 (49.2%) 1782 (50.0%) 1770 (49.9%)
Education2
Low 3330 (28.3%) 1066 (22.9%) 1064 (29.9%) 1200 (33.8%)
Middle 5555 (47.2%) 1986 (42.7%) 1601 (44.9%) 1968 (55.5%)
High 2874 (24.4%) 1594 (34.3%) 899 (25.2%) 381 (10.7%)
Work status3
Employed 6038 (51.3%) 2428 (52.3%) 1891 (53.1%) 1719 (48.4%)
Unemployed 1648 (14.0%) 417 (9.0%) 384 (10.8%) 847 (23.9%)
Looking after others4 601 (5.1%) 313 (6.7%) 149 (4.2%) 139 (3.9%)
Student 772 (6.6%) 287 (6.2%) 245 (6.9%) 240 (6.8%)
Retired 1743 (14.8%) 733 (15.8%) 452 (12.7%) 558 (15.7%)
Unable to work 957 (8.1%) 468 (10.1%) 443 (12.4%) 46 (1.3%)
Annual household income5
Low 2722 (23.1%) 999 (21.5%) 648 (18.2%) 1075 (30.3%)
Middle 2853 (24.3%) 1409 (30.3%) 614 (17.2%) 830 (23.4%)
High 4325 (36.8%) 1735 (37.3%) 1525 (42.8%) 1065 (30.0%)
Do not know/do not want to tell 1859 (15.8%) 503 (10.8%) 777 (21.8%) 579 (16.3%)
Experience of serious illness
In you yourself (yes) 3115 (26.5%) 1640 (35.3%) 917 (25.7%) 558 (15.7%)
In your immediate family (yes) 6138 (52.2%) 2845 (61.2%) 2484 (69.7%) 809 (22.8%)
In caring for others (yes) 2822 (24.0%) 1520 (32.7%) 795 (22.3%) 507 (14.3%)
Chronic health complaints (yes)6 5983 (50.9%) 2487 (53.5%) 1887 (52.9%) 1609 (45.3%)
RPQ total score1 8 [0–20] 8 [0–22] 6 [0–18] 8 [2–18]
1 Data are displayed as median, with the first and third quartile given within brackets.
2 Education was divided up in low (junior school), middle (comprehensive school) and high (college and university).
3 Work status was categorized as employed (employee and self-employed), unemployed (consisting out of work for more than and less than 1 year), looking after
others (e.g. a carer or parent), a student, retired and unable to work.
4 E.g. carer or parent.
5 Income was grouped as follows low (UK; less than £14.000, Italy and the Netherlands; less than €20.000), middle (UK; £14.000-£27.999, Italy and the Netherlands;
€20.000-€39.999) and high (UK; more than £27.999, Italy and the Netherlands; more than €39.999).
6 Chronic health complaints were defined as: asthma, chronic bronchitis, severe heart disease, consequences of a stroke, diabetes, severe back complaints, arthrosis,
rheumatism, cancer, memory problems due to neurological disease/dementia, memory problems due to ageing, depression or anxiety disorder, and other chronic
health complaints.
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frequently reported symptom in each country (UK: 52.6%, the
Netherlands: 48.4% and Italy: 48.1%), followed by sleep dis-
turbance (UK: 47.0%, the Netherlands: 40.1%), except for Italy
where being irritable was the second most reported symptom
(Italy: 44.0%). When using rating score 3 as a cut-off the same
pattern is detected (Appendix A).
Almost half (45.1%) of the respondents were classified as
having PCS considering rating score 2 (three RPQ items
with score ≥ 2) as a cut-off (Table 2). When using rating
score 3 (three RPQ items with score ≥ 3) as a cut-off, this
prevalence rate dropped substantially to 17.5%. When we
inspected all respondents with chronic health complaints,
higher PCS prevalence rates were found for every single
complaint compared to the sample as a whole. Furthermore
respondents with memory problems due to a neurological
disease/dementia had the highest percentage of PCS preva-
lence for rating score 2 (81.9%) and rating score 3 (53.4%).
The prevalence of PCS differed per country with the UK
(47.8%) having the highest prevalence rates. When using
rating score 3 as a cut-off, the biggest drop in prevalence
rate is seen in Italy, which implies that Italians report less
frequently moderate problems.
Risk factors
Lower age, female gender, low education, unable to work, low-
income level and when respondents indicated they experienced
serious illness in respondents themselves, their immediate
family, and when they cared for others, and chronic health
complaints are all significantly associated with PCS
(Appendix B). The most pronounced effects on PCS are
“being a student” or “retired” compared to being “unable to
work” and chronic health complaints. Multivariable prediction
models explained 26% (rating score 2) and 24% (rating score 3)
(Nagelkerke R2) of the variance in PCS.
EQ-5D utility
The mean EQ-5D utility score was 0.81. The lowest utility
measured in this sample was −0.45% and 33.5% of the respon-
dents reported no problems on any of the EQ-5D domains. As
expected, the mean utility score was significantly lower for
respondents with PCS compared to respondents without PCS
(0.70 vs. 0.90; p<0.001) (Table 3). The mean EQ-5D VAS
score was 74.7 (Table 4) and was also found to significantly
differ between respondents with and without PCS (66.8 vs.
81.2; p<0.001).
The highest mean utility score was found for Italian
respondents (μ = 0.86, SD = 0.16), followed by Dutch
respondents (μ = 0.83, SD = 0.21) and lastly British respon-
dents (μ = 0.77, SD = 0.28). The lowest mean utility score
was found for respondents from the UK with PCS accord-
ing to rating score 3. There were statistically significant
differences in EQ-5D utility and total scores between coun-
tries (p<0.05), except for the utility between the
Netherlands and Italy (p=0.051). Tables 3 and 4 also
shows the mean utility scores for respondents with and
without PCS according to the two cut-offs and per country.
The biggest difference in utility was determined for British
respondents without PCS and with PCS according to rating
score 3.
For the EQ-5D VAS scores, the same order was found
as for the mean utility score, which means Italian respon-
dents rate their own health the highest and British respon-
dents the lowest, with the Dutch respondents in between
both of them. The EQ-5D-VAS was determined to be
significantly different for respondents with and without
PCS in all countries (p<0 .001).
Figure 1. Frequency of post-concussion symptoms with a severity rating of 2* or higher per country.
Table 2. Prevalence of Post-Concussion Syndrome in the general population.
Rating score 2 Rating score 3
Country PCS No, PCS PCS No, PCS
All respondents 5301 (45.1%) 6458 (54.9%) 2057 (17.5%) 9702 (82.5%)
UK 2221 (47.8%) 2425 (52.2%) 971 (20.9%) 3675 (79.1%)
NL 1442 (40.5%) 2122 (59.5%) 581 (16.3%) 2983 (83.7%)
IT 1638 (46.2%) 1911 (53.8%) 505 (14.2%) 3044 (85.8%)
UK, United Kingdom; NL, the Netherlands, IT, Italy; PCS, Post-Concussion
Syndrome.
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RPQ and EQ-5D
Figure 2 shows Spearman’s correlation coefficients between
RPQ items and EQ-5D dimensions indicating that all items
of the RPQ are positively correlated with the EQ-5D
dimensions. The strongest positive correlation (0.633, p<
.001) was found between ‘feeling depressed or tearful’ and
the anxiety/depression dimension. The weakest correlation
was between ‘headache’ and the mobility dimension.
Fatigue has a moderate correlation with all EQ-5D dimen-
sions, with the exception of the self-care dimension. All
correlations were statistically significant on a p<0.001
level. Lastly, when looking at correlations between the
EQ-5D total score and all RPQ items separately, fatigue
(0.546, p<0.001) was determined as the strongest positive
correlation and double vision (0.278, p<0.001) showed the
weakest correlation with the EQ-5D total score.
Discussion
This study provides the first examination of the frequency of
post-concussion-like symptoms and the prevalence of PCS in
a large and representative sample of the general population,
and within and across three European countries. We found
a high base rate of post-concussion-like symptoms and
respondents with memory problems due to a neurological
disease/dementia had the highest prevalence rate for PCS.
The use of post-concussion symptoms and PCS as outcome
following mTBI should be interpreted with caution.
Our findings correspond to those of preceding studies.
Wang and colleagues investigated a group of university stu-
dents, in which they found fatigue as the highest reported
symptom with a frequency of 38.1% (15). During this study,
we also determined fatigue (49.9%) as the highest reported
symptom for all respondents in the database. The prevalence
rate of PCS was 45.1% considering rating score 2 as a cut-off,
however; when using rating score 3 the prevalence for PCS
decreased to 17.5%, which is comparable to prevalence rates
found by Lagarde and colleagues in patients with head injuries
(28.7%) and patients with non-head injuries (22.9%) (14).
The following risk factors were all significantly associated
with PCS: lower age, female gender, low education, work
status, low-income level, chronic health complaints, and
when respondents experienced serious illness in themselves,
their immediate family, and when they cared for others, and
chronic health complaints. These findings are in line with
previous studies (25–27). Being a “student” or “retired” com-
pared to being “unable to work” and chronic health com-
plaints had the most noticeable effect on PCS. Statistically
significant differences in EQ-5D utility, total scores, and
EQ-5D VAS scores were found for patients with and without
PCS. This indicates that being classified with PCS had
a strong impact on the respondent’s HRQoL. In addition,
correlations between all RPQ items and EQ-5D dimensions
were high.
The current study is unique compared to previous studies,
because none of them have looked at large samples such as in
this study nor did they compare three different countries at
the same time. Additionally, the database used is also repre-
sentative for the general population with regards to age,
gender, and educational level, where in previous studies
mostly healthy university students were used (13,15–19).
Table 3. Mean EQ-5D utility scores calculated by the Dutch value set for respondents with and without Post-Concussion Syndrome per country.
EQ-5D utility score
All respondents UK The Netherlands Italy
N Mean (SD) P-value N Mean (SD) P-value N Mean (SD) P-value N Mean (SD) P-value
Total 11759 0.81 (0.23) 4646 0.77 (0.28) 3564 0.83 (0.21) 3549 0.86 (0.16)
PCS (RS2) 5301 0.70 (0.28) p<0.001 2221 0.63 (0.33) p<0.001 1442 0.71 (0.25) p<0.001 1638 0.79 (0.18) p<0.001
No, PCS (RS2) 6458 0.90 (0.14) 2425 0.89 (0.16) 2122 0.90 (0.14) 1911 0.91 (0.12)
PCS (RS3) 2057 0.58 (0.32) p<0.001 971 0.49 (0.36) p<0.001 581 0.62 (0.27) p<0.001 505 0.72 (0.21) p<0.001
No, PCS (RS3) 9702 0.86 (0.18) 3675 0.84 (0.20) 2983 0.87 (0.17) 3044 0.88 (0.14)
UK, United Kingdom; NL, the Netherlands, IT, Italy; 95% CI, 95% Confidence Interval; PCS, Post-Concussion Syndrome; RS2, rating score 2; RS3, rating score 3
Table 4. Mean EQ-5D VAS scores for respondents with and without Post-Concussion Syndrome per country.
EQ-5D VAS score
All respondents UK The Netherlands Italy
N Mean (SD) P-value N Mean (SD) P-value N Mean (SD) P-value N Mean (SD) P-value
Total 11759 74.7 (19.6) 4646 71.3 (21.6) 3549 77.6 (17.4) 3564 76.2 (18.4)
PCS (RS2) 5301 66.8 (21.1) p<0.001 2221 62.5 (22.8) p<0.001 1638 71.8 (18.8) p<0.001 1442 67.6 (19.4) p<0.001
No, PCS (RS2) 6458 81.2 (15.6) 2425 79.3 (16.8) 1911 82.5 (14.4) 2122 82.1 (15.0)
PCS (RS3) 2057 58.7 (22.9) p<0.001 971 54.3 (24.3) p<0.001 505 64.7 (20.9) p<0.001 581 60.7 (20.6) p<0.001
No, PCS (RS3) 9702 78.1 (17.0) 3675 75.8 (18.4) 3044 79.7 (15.8) 2983 79.2 (16.3)
UK, United Kingdom; NL, the Netherlands, IT, Italy; 95% CI, 95% Confidence Interval; PCS, Post-Concussion Syndrome; RS2, rating score 2; RS3, rating score 3
Table 5. Severity rating cut-offs regarding Post-Concussion Syndrome.
Cut-off rating score 2 Cut-off rating score 3 Eligible symptoms
Three RPQ items with
score ≥ 2
Three RPQ items with
score ≥ 3
Headache
Dizziness
Sleep disturbance
Fatigue
Being irritable, easily
angered
Forgetfulness, poor
memory
Poor concentration
RPQ, Rivermead Post-Concussion Syndrome Questionnaire
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Limitations include that for the calculation of the utility scores
of the EQ-5D,Dutch value setswere used for all countries included
in the analysis,mainly because there is no value set available yet for
Italy. Using the same tariff for each country could potentially limit
the representativeness of these scores in the separate countries, as
the relative value of dimensions and levelsmay differ from those in
the Netherlands. However, it does substantiate the comparability
across the three countries.When comparing the populationnorms
with the mean EQ-5D utility and VAS scores, the reported mean
scores were comparable for the Netherlands and Italy. However,
Figure 2. Correlation between RPQ items and EQ-5D domains.
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themeanUK scores, 0.77 and 71.3, respectively, are lower than the
population norms; 0.86 and 82.8 (29).
Our study was conducted by the use of a web-based checklist,
which might have led to ‘over’ reporting of symptoms, because
according to Edmed & Sullivan, the method used to assess PCS
symptoms influences the number and type of symptoms reported
(17). On the other hand, the RPQ is the most frequently applied
instrument to classify PCS. By also incorporating this method in
our study, our prevalence rates are comparable with previous
mTBI studies. Another limitation is based on the fact that there
were no questions asked if respondents had experienced
a concussion, TBI or brain injury in their life or trauma’s in
general. However, the expected TBI prevalence is 639.2 (UK),
278.6 (the Netherlands) and 214.5 (Italy), extrapolated from
reported country-specific age-adjusted hospital discharge rates
per 100.000 due to TBI by Majdan and colleagues (30). This is
considerably lower than the found prevalence rates for PCS in this
population. Nevertheless, the found pattern is similar to PCS
distribution, where the UK was the highest and IT the lowest.
Additionally, previous literature has determined that respondents
suffering from depression and/or burn-out or PTSD, or being
involved in a litigation at the time of the questionnaire assessment
are factors that could be associated with PCS. However, in the
current study, there is no information representing these aspects
(1,13). There is also no information available if respondents are
enduring intolerance of stress, emotion or alcohol, which is the
last criterion described in the ICD-10 criteria (4). Furthermore, we
do not know to what extent our samples are representative for the
population in the three countries with regards to characteristics
other than age, gender, and educational level. Additionally, the
people who partake in a market research panel might not be
illustrative of the general population.
We were able to look at the representativeness of the
sample with regards to HRQoL by comparing our scores
with the population norms. However, it could be that our
sample is not representative with regards to other factors and
characteristics that impact the likelihood of developing PCS,
and which should be taken into account when pooling repre-
sentative samples. Moreover, the maximum age in our study
sample was 70, whereas the TBI epidemiology is changing
with a greater deal of patients aged 70 and older (31).
More research is needed into which cut-off point is sufficient
for PCS research, because the current literature is inconclusive
concerning the severity rating score that should be used as a cut-
off when the RPQ is applied to classify PCS. As shown during this
study, and previous studies, the results change considerably
depending on the cut-off (8). Rating score 2 seems to be less
discriminating as healthy adults are also being diagnosed with
PCS, which points towards a high percentage of false-positives.
Additionally, to correctly diagnose people with PCS, a clinical
examination should take place rather than basing it on self-
report of symptoms by the patient. Clinicians should be aware
of the high post-concussion-like symptom endorsement and pre-
valence of PCS in the healthy population and the possible con-
tributing risk factors in a specific country, and take this into
consideration during their clinical examination (13).
Considering the issues with current PCS assessment tools, more
and more research is being done into new methods that may be
better suited in the assessment of PCS (e.g. ocular motor
assessment (32) and robotic technology (33)). It is very clear
that a high base rate of PCS symptoms is present in the general
population, so when looking at patients with TBI, one should
wonder which part of the reported symptoms are actually due to
the injury. There is a plethora of research being performed in the
field of PCS, however, this study shows that there is no clear view
on what is really being researched. Furthermore, this is supported
by the fact that the prevalence rates of PCS halved whenwe looked
at the respondents without any chronic health complaints and
that prevalence depended substantially on the distribution of risk
factors in a population that are not specific for TBI. The terminol-
ogies post-concussion symptoms and PCS should be modified as
they are deceptive, since they incorrectly assume that the under-
lying principle of the symptoms and/or syndrome is a brain
injury (11).
Conclusions
This study showed that post-concussion-like symptoms are
frequently reported, and the prevalence of PCS is prominent
in the general population, indicating that post-concussion-like
symptoms are not specific for patients with TBI, and PCS is
not a unique syndrome after TBI. Post-concussion-like symp-
toms are highly correlated with EQ-5D dimensions. This
suggests that post-concussion-like symptoms are debilitating
and that also in the healthy population these symptoms have
a major effect on HRQoL.
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Appendix A. Frequency of post-concussion symptoms with a severity rating of 3* or higher per country.
*moderate problem
UK, United Kingdom; NL, the Netherlands, IT, Italy
Appendix B. Significant predictors in a multivariable model of PCS using two cut-offs.
Post-Concussion Syndrome Rating Score 2* Rating score 3**
Predictor OR 95% CI OR 95% CI
Age 0.98 0.98 - 0.98 0.98 0.97 - 0.98
Gender (male) 0.58 0.53 - 0.64 0.664 0.59 - 0.75
Education (high)
Low 1.34 1.18 - 1.53 1.306 1.11 - 1.54
Middle 1.25 1.12 - 1.40 1.085 0.94 - 1.26
Work status (unable to work)
Employed 0.49 0.40 - 0.60 0.417 0.35 - 0.50
Unemployed 0.67 0.54 - 0.83 0.553 0.45 - 0.68
Carer 0.54 0.41 - 0.70 0.440 0.33 - 0.58
Student 0.36 0.27 - 0.48 0.275 0.20 - 0.38
Retired 0.39 0.32 - 0.49 0.333 0.26 - 0.43
Income level (low)1 1.34 1.22 - 1.47 1.267 1.12 - 1.44
Have you experienced serious illness in
you yourself (yes) 1.78 1.60 - 1.99 2.130 1.88 - 2.41
in your immediate family (yes) 1.15 1.04 - 1.27 1.234 1.09 - 1.40
in caring for others (yes) 1.31 1.17 - 1.46 1.35 1.18 - 1.53
Chronic health complaints (yes) 3.67 3.33 - 4.04 3.94 3.41 - 4.55
N 9900 9900
Nagelkerke R2 0.26 0.24
1Income was categorised in low (UK; less than £28.000, Italy and the Netherlands; less than €20.000 and high (UK; £28.000 and more, Italy and the Netherlands;
€20.000 and more).
*Two different rating scores were used as cut-off: rating score 2 (* ≥ mild) and rating score 3 (** ≥ moderate)
Abbreviations. PCS = Post-Concussion Syndrome.
1086 D. C. VOORMOLEN ET AL.
